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摘  要 









基因组为模板扩增 CALB 基因的前导肽（ pro-peptide）和编码成熟肽
（mat-peptide）部分，将 PCR 扩增产物插入 pPIC9K 的多克隆位点，得到重组
质粒 pPIC9K-CALB，将其线性化后转化毕赤酵母 GS115， 终获得 8 拷贝数
的重组毕赤酵母 GS115-pPIC9K-CALB。对 GS115-pPIC9K-CALB 进行甲醇诱
导，收集不同诱导时间的上清液进行酶活测定和 SDS-PAGE 分析，结果表明毕
赤酵母无法表达野生型 CALB。 
其次，鉴于野生型 CALB 基因无法在毕赤酵母系统实现表达，根据 CALB
的氨基酸序列（GenBank accession No. Z30645.1），采用巴斯德毕赤酵母偏好密
码子重新设计 CALB 基因序列，序列保留 pro-peptide 和 mat-peptide 部分，并
在序列的下游添加 His-Tag 标签序列，合成优化序列。将序列插入 pPIC9K 的多
克隆位点得到重组质粒 pPIC9K-syCALB，转化毕赤酵母 GS115 后得到重组毕
赤酵母 GS115-pPIC9K-syCALB。经过 1%甲醇诱导 120 h，酶活力达到 大值
46 U mL-1，蛋白表达量为 242.2 mg L-1。SDS-PAGE 分析表明重组 CALB 分子
量为 35 kd 和 38 kd，比野生型 CALB 略大。通过金属螯合层析对发酵上清液纯
化，将目的蛋白纯化了 5.23 倍，比活达到 856.7 U mg-1，酶活的回收率达到
81.2%。对重组 CALB 进行酶学性质研究发现，其 适反应温度和 pH 分别为
















阶段，确定 优诱导培养基为 BMMY，培养基 适 pH 为 6.0， 佳诱导温度
为 20 ℃，甲醇 适添加量为 2%。使用 3.6 L 发酵罐高密度培养重组毕赤酵母
GS115-pPIC9K-syCALB，采用变温发酵策略，以 BSM 作为培养基。前期流加
甘油充当碳源，30 ℃培养；当细胞干重为 25.7 g L-1 时进行甲醇诱导，诱导温
度为 20 ℃，甲醇起始流加速率为 1.8 mL h-1 L-1，根据溶氧变化手动控制甲醇流
加速率，维持溶氧值为 25%。诱导 112 h 后酶活为 163.7 U mL-1，蛋白浓度在诱
导 124 h 达到 大值，为 824.7 mg L-1。 
后，在毕赤酵母高效表达 CALB 的基础上，尝试以聚丙烯树脂（PP）固
定化 CALB，并以 PP-CALB 催化维生素 A 前体的单酰化反应。以商品化 CALB，
即 Novozyme 435 优化得到 佳反应条件：溶剂为正己烷（分子筛干燥除水），
酰基供体为乙酸乙烯酯，其与维生素 A 前体的摩尔比控制在 3:1，酶添加量为 5 
mg mL-1，反应温度 50 ℃，反应时间 90 min。Novozyme 435 和 PP-CALB 对氢


















Candida antarctica lipase B is an excellent lipase, which shows strong catalytic 
activity to hydrophilic and hydrophobic substract and is widely used in the 
resolution of chiral compounds in organic solvent and synthesis of pharmaceutical 
intermediates. However, the production of enzyme by Candida antarctica cannot 
meet the industrial requriement due to the low yield and long fermentation period. 
Besides, the CALB came from genetically modified Aspergillus oryzae is 16000 
yuan per kilogram, which is not adaptive in industry. The purpose in our research is 
to improve the production of CALB by using Pichia pastoris as the expression 
system. The studies and results in this research are as follows:  
First, the feasibility of expression of the wild type CALB by Pichia pastoris 
was investigated. The nucleotide sequence of CALB was PCR-amplified from 
Candida antarctica genomic DNA, and the gene fragment was inserted into the 
Pichia pastoris expression vector pPIC9K, yielding pPIC9K-CALB. The 
recombinant plasmid was then transformed into P. pastoris GS115. The recombinant 
GS115-pPIC9K-CALB with eight copy number was obtained by G418 resistance 
screening. However, enzyme activity and SDS-PAGE analysis of sample taken from 
shake flask culture in different induction periods showed that the wild type CALB 
could not be expressed by Pichia pastoris. 
Secondly, we designed and synthesized CALB gene fragment according to the 
amino acid sequence. High-usage codons of Pichia pastoris were chosen and the 
fragment included pro-peptide, mat-peptide and His-Tag. The synthetic fragment 
was inserted into the MCS of pPIC9K, yielding GS115-pPIC9K-syCALB. Induced 
by methanol for 120 h the enzyme activity reached the maximum 46 U mL-1, 
corresponding to a secreted protein concentration of 242.2 mg L-1. SDS-PAGE 
analysis showed the size of the recombinant CALB were 35 kd and 38 kd which 
were larger than the wild type. The CALB was purified by metal chelate 
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